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Carpal tunnel syndromeAbstract Purpose: To evaluate efficiency of MRI and electrophysiological studies, in diagnosis
nerve entrapment in the osteofibrous tunnels of the upper limb.
Patients and methods: This a cross-sectional study included 40 patients, presented clinically and by
physical examination by nerve entrapment in upper limb. All patients were subjected to the Elec-
trophysiological and MRI examinations.
Results: Our study showed high prevalence of carpal tunnel syndrome in nerve entrapment syn-
dromes. Nerve conduction studies are the gold standard modality. MRI was capable of precisely
delineating nerve abnormality and its underlying cause.
Conclusion: We recommended diagnosed nerve entrapment at upper limb by clinical, physical
examination and primary EPS studies followed by MRI.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Peripheral nerve entrapment syndromes occur because of com-
pression or constriction of a short segment of a single nerve at
a specific location, such as sites where a nerve courses through
fibro-osseous, fibro-muscular tunnels or penetrates muscles
(1). Upper extremity entrapment and compression neu-
ropathies are traditionally diagnosed on the basis of clinical
history and the results of physical examination then with elec-trophysiological studies, including electromyography and
nerve conduction studies, the location and severity of the
underlying nerve injury can usually be determined (2). How-
ever, these studies do not provide spatial information about
the nerve or its surroundings, which could help determine
the cause. Direct visualization of nerve abnormalities with
imaging modalities enhance the diagnosis and the surgical
result by providing exact information about the nature of
constricting findings, especially in cases with confusing clinical
pictures or equivocal or contradictory results at the electro-
physiological studies (3). The use of MRI as a diagnostic test
in peripheral nerve disease, also referred to as MR Neurogra-
phy, is increasingly discussed in the literature (4). MRI is used
as secondary tools to confirm the presence of nerve entrapment
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any diagnostic processes, basic anatomic knowledge of the
peripheral nerves and their innervations is prerequisite to an
accurate diagnosis (1). MRI also plays an important role
because it can offer additional information in negative electro-
physiological tests symptomatic patients and may also depict
anatomical variants (e.g. accessory muscles, bifid median and
ulnar nerves). However, in some patients with an entrapment
or compressive neuropathy, direct visualization of compressive
anatomic structures may not be possible with MRI. Neverthe-
less, in such cases, MRI can still be used to map out dener-
vated muscles and thus to diagnose and localize entrapment
or compressive neuropathies (5). The common sites of nerve
entrapment at the osteofibrous tunnels of the upper extremity
are as follows: Suprascapular nerve in the suprascapular and
spinoglenoid notches, Ulnar nerve in the cubital tunnel at
the elbow (Cubital tunnel syndrome), Ulnar nerve in the
Guyon’s tunnel at the wrist (Guyon’s tunnel syndrome), Med-
ian nerve in the carpal tunnel at the wrist (Carpal tunnel syn-
drome) (6).
2. Aim of the work
The aim of the work was to evaluate the efficiency of MRI as a
reliable and non-invasive imaging and the musculoskeletal
electrophysiological studies as inexpensive method, in the diag-
nosis of nerve entrapment in the osteofibrous tunnels of the
upper limb and assessment of its possible etiology.
3. Patients and methods
This a cross-sectional study was performed in the period
between March 2013 to December 2015 at Radiodiagnosis
and neurology Departments, New Damietta, Al-Azhar
University Hospital. The study included forty patients, 26
females and 14 males. Their ages ranged between 17 to
58 years (mean age 43.69 ± 8.6 years). Approval and informed
consent were taken from all patients. All patients were referred
from the outpatient clinic of the neurology department. Inclu-
sion criteria include the following: patients already diagnosed
as entrapment of the following, suprascapular nerve at supras-
capular region, ulnar nerve at cubital and Guyon’s canals and
median nerve at carpal tunnel. Exclusion criteria include the
following: patients with disc/osteophyte (by plain X-ray), clin-
ical and electrophysiological evidence of brachial plexopathy,
radiculopathy and polyneuropathy and previous surgery to
the hand or wrist and patients with contraindications to MRI.
All patients were subjected to the followings:
1. History taking and clinical provisional diagnosis.
2. Electrophysiological studies (EPS): Electrophysiological
studies were performed using {Nihon Kohden machine; Model
UT – 0800J. Box BOARD (2CH) For JB-942BK. Made in
Japan} at the neurophysiology department of New Damietta
Hospital, Al-Azhar University. All patients (40) had EPS
within 2 weeks before MRI examinations. All EPS were per-
formed by the same electrophysiologist following a standard-
ized protocol for evaluation of entrapment suprascapular
nerve at suprascapular region, ulnar nerve at Guyon’s and
cubital canals and median nerve at carpal tunnel.
General principles: Sensory and motor nerve conduction
study’s should be performed with surface stimulationand recording. Clean the site examination with alcohol.
Ground is placed between the stimulating and recording
electrodes.
3.1. Nerve conduction studies (NCSs)
Motor nerve conduction: Motor NCS are performed by electri-
cal stimulation of a peripheral nerves (median, ulnar and
suprascapular) and recording motor latency, amplitude and
conduction velocity from a muscle supplied by these nerves
(abductor pollicis brevis, abductor digiti-minimi and
supraspinatus) and the ground electrode: Placed between
recording electrode and the stimulator.
Sensory nerve conduction (antidromic): Sensory NCS are
performed by electrical stimulation of a peripheral nerves
(median and ulnar) and recording sensory latency, amplitude
and conduction velocity from a purely sensory portion of the
nerve, (2nd finger) and the ground electrode: Placed on the
dorsum of the hand between recording electrode and the
stimulator.
Electromyography study (EMG): It was done using intra-
muscular EMG needle electrode (concentric bipolar) and
recording the insertional activity, spontaneous activity, motor
unit potential morphology, recruitment and interference pat-
tern from abductor pollicis brevis, abductor digiti-minimi
and supraspinatus muscles.
Electrophysiological studies interpretation data: Carpal tun-
nel syndrome and ulnar nerve entrapment at Guyon’s canal
are suggested by prolonged sensory latency and/or prolonged
distal motor latency but entrapment of ulnar nerve at cubital
canal is suggested by decrease conduction velocity >10 m/s
across the elbow compared to the forearm segment, and
entrapment of suprascapular nerve is suggested by prolonged
distal motor latency. Severity of CTS was graded as the follow-
ing mild nerve entrapment is considered if there was only
increase of distal sensory latency. Moderate nerve entrapment
is considered if there were increase of both sensory and motor
distal latency. Severe nerve entrapment is considered if there
were increase in distal latency of sensory and motor, decrease
in amplitude of compound motor action potential (CMAP)
and sensory action potential (SAP) and signs of denervation
by EMG (fibrillation, fasciculation, and positive sharp waves).
3. MRI examination: it was done using (Philips, Achieva
1.5 Tesla – XR-Netherlands).
 The patients were scanned in the supine position, with the
arms alongside the body. The dorsum of the hand parallel
to the coronal plane of the magnet. Circular coil was used
placed over the site of entrapment (e.g. wrist, elbow or
shoulder joints), and was secured by rubber bands. Protocol
of MRI: Tables 1–3.
MRI interpretation data:
1. At the suprascapular and spinoglenoid notches, at the cubi-
tal and at the Guyon’s tunnels
a. Detect the cause of compression.
b. Nerve signal alteration in T2/STIR WIs, flatting or
nerve swelling.
c. Corresponding muscles signal alteration due to edema
or fatty atrophy.
Table 1 MRI protocol at shoulder.
Pulse sequences TR (ms) TE (ms) Gap (mm) Slice thickness (mm) FOV (cm) Matrix Nex TI
Axial proton FSE fat sat 3000 20 0.5 4 10 512  256 2 –
Coronal oblique STIR >1500 40 0.5 4 16–18 256  192 3 120
Coronal oblique T1 SE non fat sat 400–800 400–800 0.5 3 16–18 256  256 1 –
Sagittal oblique T2 FSE non fat sat >2000 110 0.5 3 16 256  256 2 –
Table 2 MRI protocol at elbow.
Pulse sequences TR (ms) TE (ms) Gap (mm) Slice thickness (mm) FOV (cm) Matrix TI
Axial T1 WI FSE 400–600 20 0.5 4 12–14 256  192 –
Axial T2 WI FSE 2000–4000 80 0.5 4 12–14 256  192 –
Coronal STIR 2000–6000 20–40 0.5 4 12–14 256  192 150
Sagittal T2 WI FSE 2000–4000 80 0.5 4 12–14 256  256 –
Table 3 MRI protocol at wrist.
Pulse sequences TR (ms) TE (ms) Gap (mm) Slice thickness (mm) FOV (cm) Matrix
Axial T1 WI (TSE) 400–600 11–16 0.5 3 10–12 256  512
Axial T2 WI (TSE) 3000–3500 90–100 1 3 10–12 256  512
Coronal T2 (TSE) 3000–3250 100 0.3 2.5 10–12 256  516
Sagittal T2 STIR (TSE) 2380 33 0.3 2.5 10–12 256  192
N.B:TR: repetition time, TE: echo time, TI: time of inversion recovery, FOV: field of view.
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a. Cross-sectional area of the median nerve:Measured at the level of the hamate, at the level of
distal radioulnar joint and at level of pisiform.
The size of the median nerve at distal radioulnar joint
level is 1.6–3.5 greater than its size at the level of
hamate in patients with carpal tunnel syndrome.b. Flattening of the median nerve:Determined at the level of the hook of hamate bone.
The flattening ratio is defined as the ratio of the major
axis of the median nerve to that of minor axis less than
3 at the level of hamate in normal subjects.
c. The bowing ratio:It is distance of palmar displacement of the flexor reti-
naculum from a straight line drawn between the hook
of hamate and the trapezium (X1) divided by the dis-
tance between the hook of hamate and the trapezium
(X2).
Equation used was Bowing ratio = (X1/X2)  100.
The normal range measures 0–15%.
d. Median Nerve signal alteration in T2/STIR WIs, flatting
or swelling. Normally it has intermediate signal com-
pared to the low signal intensity tendons.
Corresponding muscles signal alteration due to edema
or fatty atrophy.Statistical analysis:Data were organized, tabulated and sta-
tistically analyzed, using statistical package for social science
version 14 for Windows (Chicago, USA), running on IBMcompatible computer with Microsoft  Windows 7 Operating
System. Mean ± standard deviation (±SD), frequencies
(number of cases) and percentages were done when appropri-
ate. Accuracy was represented using the terms such as sensitiv-
ity, specificity, +ve predictive value, ve predictive value, and
overall accuracy. Paired t-test was used. P value > 0.05 was
insignificant, P< 0.05 significant and P< 0.01 highly
significant.4. Results
This study was carried out on 40 patients with nerve entrap-
ment in osteofibrous tunnels in the upper limb.
Regarding patient demographics, there were 40 patients
included in our study, 14 cases (35%) were males and 26 cases
(65%) were females.
The patients ages ranged from 17 to 58 years with a (mean
± SD) age of 43.69 ± 8.6 years. Patient weight ranged from
67 to 82 kg with a mean of 74.20 ± 4.05 kg. Patient height ran-
ged from 1.62 to 1.73 m with a mean of 1.665 ± 0.0338 m.
Patient body mass index (BMI) ranged from 24.68 to 28.63
with a mean of 26.75 ± 1.07 k/m2.
There were 25 cases (62.5%) without associated medical
condition; 8 cases (20%) had rheumatoid arthritis; 6 cases
(15%) had diabetes mellitus and 1 case (2.5%) was with
trauma (fracture scaphoid).
As regards patient complaint the pain was the most com-
mon presentation, reported in all studied cases (100%);
unpleasant tingling reported in 28 cases (70%); and muscle
wasting in 3 cases (7.5%). The disease was on the right side
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was carpal tunnel in 36 cases (90%); suprascapular in 2 case
(5%); cubital tunnel in one case (2.5%) and Guyon’s canal
in one case (2.5%).
The symptom duration (months) in studied cases ranged
from 10 to 35 months with a (mean ± SD) of (24.02 ± 6.04)
months.
As Carpal Tunnel Syndrome (CTS) represented 90% of our
cases the following statistics are concerned with CTS Table 4.
The electrophysiological data findings were (DSL) ranged
from 3.5 to 5.4 ms with a (mean ± SD) of 4.2 ± 0.51 ms;
(SAP) ranged from 21 to 28.5 lV with a (mean ± SD) of
23.5 ± 2.4 ms; DML ranged from 4.6 to 6.2 ms with a
(mean ± SD) of 5.4 ± 0.51 ms; and finally amplitude of
CMAP ranged from 5.1 to 9.3 mV with a (mean ± SD) of
6.85 ± 1.22 lv.
As regards severity (CTS), it was mild in 17 cases (47.5%);
moderate in 11 cases (30.0%) and severe in 8 cases (22.5%).
According to MRI findings etiology was idiopathic/non
compressive in 35 cases (87.5%) (e.g. Figs. 1 and 2) and com-
pressive in 5 cases (12.5%) in which, one case was suprascapu-
lar nerve entrapment due to compression by ganglion cyst
Fig. 3, one case median nerve entrapment at wrist (CTS) due
to distal extension of flexure digitorum muscle fibers at level
of carpal tunnel, one case median nerve compression at wrist
(CTS) due to median nerve Schwannoma Fig. 4, one case med-
ian nerve due to bifid median nerve at carpal tunnel (CTS)
which increases median nerve cross-sectional area and
decreases the carpal tunnel space this leads to compressing
by neighboring structures and one case ulnar nerve entrapment
due to compression by ganglion cyst at Guyon’s canal Fig. 5.
MRI finding measurement at wrist was, the median nerve
cross-sectional area at radioulnar joint, and it ranged from
11.20 to 50 mm2 with a (mean ± SD) of (19.88 ± 17.8) while
at pisiform, this cross-sectional area ranged from 11.30 to
16.20 mm2 with a (mean ± SD) of (13.14 ± 7.96) and at
hamate, it ranged from 7.86 to 12 mm2 with a (mean ± SD)
of (8.28 ± 1.08). The cross-sectional area of carpal canal at
pisiform ranged from 220 to 198.59 mm2, with a (mean
± SD) of (198.95 ± 47.52), while at hamate, it ranged from
165 to 199 mm2 with a (mean ± SD) of (180.87 ± 38.19). In
addition, palmar bowing of flexor retinaculum was ranged
from 0.14 to 0.25 with a (mean ± SD) of (0.2 ± 0.034). Flat-
tening ratio at radioulnar joint ranged from 1.40 to 2.10 with a
(mean ± SD) of (1.66 ± 0.63), while at pisiform, it ranged
from 1.8 to 2.2 with a (mean ± SD) of (2.17 ± 0.79) and at
hamate, it ranged from 2.8 to 3.90 with a (mean ± SD) of
(3.2 ± 1.02) Table 5.Table 4 Electrophysiological data at CTS in studied cases.
Mean S. D Minimum Maximum
DSL 4.2 0.51 3.5 5.4
SAP (amplitude) 23.5 2.4 21 28.5
DML 5.4 0.51 4.6 6.2
CMAP (amplitude) 6.85 1.22 5.1 9.3
DSL: distal sensory latency (ms); SAP: sensory action potential
(lV); DML: distal motor latency (ms); CMAP: compound motor
action potential (mV); millisecond: (ms); microvolt (lV).Studying correlation between MRI and other variables
(Demographic and Electrophysiological studies) revealed sig-
nificant correlation between flattening ratio at hamate and
age, and significant correlation between carpal canal cross-
sectional area at hamate and palmer bowing with weight.
There was significant correlation between all MRI measure-
ments except palmer bowing and different electrophysiological
study parameters Table 6.
Pooled median nerve enlargement was positive in 24 cases
(65%) and negative in 12 cases (35%). Pooled median nerve
flattening was positive in 14 cases (40%) and negative in 22
cases (60%).
Increased T2 signal intensity was positive in 25 cases (70%)
and negative in 11 cases (30%).
Comparing the MRI results to the electrophysiological
study results, true positive results were present in (67.5%) of
the studied cases as present in Table 7.
Validity of MRI result was compared to electrophysiologi-
cal study results Table 8.
MRI shows high positive predictive value 96.4% and speci-
ficity 83.3%, average sensitivity 79.4% and overall accuracy
80% but shows low negative predictive value 41.6% in diagno-
sis of nerve entrapment as presented in Table 9.
Electrophysiological studies show high negative predictive
value 83.3% and sensitivity 96.4%, average positive predictive
value 79.4% and overall accuracy 80% but show low speci-
ficity 41.6% in diagnosis of nerve entrapment as presented in
Table 10.
5. Discussion
Accurate diagnosis of peripheral nerve disorders is important
to guide correct patient management. This is usually performed
by history taking, clinical examination, and electrodiagnostic
studies. However, in some cases clinical and electrodiagnostic
findings are indeterminate. Moreover, direct visualization of
nerves and pathology is not possible. MRI enables direct visu-
alization of nerves and can aid in diagnosis, characterization,
and localization of peripheral nerve disorders (7).
In our study we found correlations between BMI and symp-
tom severity and between symptom duration and symptom
severity indicating that the high BMI and/or the greater the
duration the more symptom is severe.
Martins et al. (8) mentioned that at Carpal Tunnel Syn-
drome (CTS) there is significant correlations identified between
BMI and symptom severity score, indicating that the higher
BMI the greater the symptom severity score and between symp-
toms duration and clinical parameters are (symptom severity
score and two point discrimination). They did not found statis-
tically significant correlations between age and clinical param-
eters and between BMI and two point discrimination.
In my study the nerve entrapment affects Women (26
patients 65%) more than men (14 patients 35%). Miller and
Reinus (9) reported that the Women are affected more often
than men.
Our study shows one case of median nerve entrapment at
wrist (CTS) due to distal extension of flexure digitorum muscle
fibers at level of carpal tunnel. Aminoff et al. (10) reported that
anomalous tendons and muscles within the tunnel may also
compress the median nerve. MRI may easily detect such
abnormalities.
   (C)  MN CS area at level of hamate           (D)  MN CS area at level of radioulnar joint 
(A)  Axial T1MRI at level of hamate (B)  Axial STIR MRI at level of hamate  
(E)  Palmer bowing at level of hamate (F)   Motor nerve action potential
Fig. 1 EPS findings: motor conduction study of median nerve showed prolonged terminal motor latency (5.10 ms) and normal
amplitude of compound motor action potential (6 mV). EPS diagnosis: moderate median nerve entrapment at wrist (F). MRI findings: the
median nerve shows isointense signal (white arrow) at level of hamate in axial T1 (A) and slight high signal STIR WIs (B). The cross-
sectional area at level of hamate in axial T1 (C) = 8.6 mm2 while at level of distal radioulnar joint in axial T1 (D) = 15 mm2. So the cross-
sectional area at radioulnar joint is 1.74 that at hamate. The flattening ratio at radioulnar 9/4.5 = 2, while at hamate 7.1/2.4 = 2.95.
Increase flexure retinaculum palmer bowing at hamate (curved arrow) (3.6/16.9 = 0.21) axial T1 (E). MRI diagnosis: idiopathic carpal
tunnel syndrome due to median nerve entrapment.
Role of MRI and electrophysiological studies 953As regards electrophysiological data in current studied
Carpal Tunnel Syndrome (CTS) cases, distal sensory
latency (DSL) ranged from 3.5 to 5.4 ms with a mean of
4.2 ms, while amplitude of sensory action potential (SAP)
ranged from 21 to 28.5 microvolt (lV) with a mean of23.5 ms; distal motor latency (DML) ranged from 4.6 to
6.2 ms with a mean of 5.4 ms; and finally amplitude of
compound motor action potential (CMAP) ranged from
5.1 to 9.3 mV with a mean of 6.85 lV. Marianna et al.
(11) found that the following electrophysiological values
Fig. 2 EPS findings: motor conduction study of ulnar nerve showed normal terminal latency and normal conduction velocity on the
wrist-elbow (57.5 m/s) but of reduced velocity on elbow-arm (47.2 m/s). EPS diagnosis: mild entrapment of ulnar nerve at elbow (D). MRI
findings: axial T1 (A) shows focal enlargement of the right ulnar nerve (white arrow) just behind lateral epicondyle. Axial T2 (B) and
Sagittal STIR WIs (C) show enlargement of the nerve and alteration of its signal intensity. MRI diagnosis: idiopathic entrapment of ulnar
nerve at elbow.
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DMLP 3.9 ms.
We had MRI measures at wrist, median nerve cross-
sectional area at radioulnar joint ranged from 10.80 to
50 mm2 with a mean of 19.88 mm2, while at pisiform, this
cross-sectional area ranged from 11.30 to 16.20 mm2 with a
mean of 12.74, and at hamate, it ranged from 7.78 to
12 mm2, with a mean of 8.28 mm2. In addition, there was sig-
nificant increase in median nerve cross-sectional area at
radioulnar and pisiform when compared to corresponding
values at hamate, but the difference between radioulnar and
pisiform values was statistically non-significant. The cross-
sectional area of carpal canal at pisiform ranged from 189 to
220 mm2, with a mean of 200.20 mm2, while at hamate, itranged from 165 to 199 mm2 with a mean of 182.78 mm2 with
significant decrease in hamate. In addition, palmer bowing of
flexor retinaculum was reported in range from 0.14 to
0.25 mm2 with a mean 0.2 mm2. Finally, flattening ratio at
radioulnar joint ranged from 1.40 to 2.10 mm2 with a mean
of 1.66 mm2; at pisiform it ranged from 1.8 to 2.2 mm2 with
a mean 2.17 mm2, while at hamate it ranged from 2.8 to
3.90 mm2 with a mean of 3.2 mm2.
Martins et al. (8) mentioned that, the mean cross-sectional
area of the carpal canal at pisiform level (197.85
± 46.05 mm2) was significantly larger (p< 0.001) than the area
measured at hamate level (175.67 ± 36.86 mm2). The mean
cross-sectional area of median nerve at hamate level (8.26
± 4.38 mm2) was significantly smaller (p< 0.01) than that
Fig. 3 EPS findings: motor conduction study of suprascapular nerve showed prolonged terminal latency (8.3 ms) and normal amplitude
(4.91 mV). EPS diagnosis: motor conduction study is suggestive of entrapment of suprascapular nerve (D). MRI findings: unilocular lesion
(white arrow) is noted at suprascapular notch showing low signal at sagittal T1 (C), and high signal at coronal T2, and axial STIR WIs (B
and A). The lesion compromising suprascapular nerve. MRI diagnosis: suprascapular nerve entrapment at suprascapular notch by
ganglion cyst.
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pisiform (12.94 ± 7.16 mm2) levels. The flattening ratios at
radio-ulnar joint, pisiform and hamate level were 01 ± 0.7,
2.17 ± 0.81 and 3.24 ± 1.02.
Ghasemi-rad et al. (12) reported that flexor retinacular
bowing is reliable only at the level of the hook of the hamate,
and the ratio varies from 0.14 to 0.26 (mean 0.18).
We reported significant correlation between flattening ratio
at hamate and age, and significant correlation between carpal
canal cross-sectional area at hamate and palmer bowing with
weight. Then there was significant correlation between all
MRI measurements except palmer bowing and different elec-
trophysiological study parameters.
Martins et al. (8) stated that similar results as there is cor-
relation coefficient between weight with carpal canal cross-
sectional area at hamate and palmer bowing.
Our finding demonstrated pooled median nerve enlarge-
ment was positive in 24 cases (65%) and negative in 12 cases
(35%), and pooled median nerve flattening was positive in 14
cases (40%) and negative in 22 cases (60%). Finally increased
T2 WIs signal intensity was positive in 25 cases (70%) and neg-
ative in 11 cases (30%).Robert et al. (7) revealed that pooled sensitivity and speci-
ficity for nerve enlargement were 57–68% and 80–88%. Pooled
sensitivity and specificity for nerve flattening were 24–37% and
87–94%. Finally pooled sensitivity and specificity for nerve T2
WIs or STIR hyperintensity were 73–81% and 63–71%.
According to my study, there is high correlation between
nerve T2 WIs or STIR hyperintensity and positive electrophys-
iological study results.
Wang et al. (13) found linear correlation between the distal
latency of motor conduction velocity of the median nerve and
the increase in abnormal intensity of the median nerve.
In the present study MRI studies show high positive predic-
tive value 96.4% and specificity 83.3%, average sensitivity
79.4% and overall accuracy 80% but show low negative pre-
dictive value 41.6%, while electrophysiological studies show
high negative predictive value 83.3% and sensitivity 96.4%,
average positive predictive value 79.4% and overall accuracy
80% but show low specificity 41.6%, in diagnosis of nerve
entrapment regarding the MRI studies assess the structural
changes but the electrophysiological studies assess the func-
tional changes lead to this difference so the two tests can be
used as complimentary and not reciprocal to each other.
(B) Axial T2 MRI at distal carpal tunnel(A) Axial T1 MRI at distal carpaltunnel
(D) Motor nerve action potential(C) Axial STIR MRI at distal carpal  tunnel
Fig. 4 EPS findings: motor conduction study of median nerve showed prolonged terminal latency (6.2 ms), short amplitude of
compound motor action potential (3 mV) and normal conduction velocity. EPS diagnosis: severe median nerve entrapment at wrist (D).
MRI findings: fusiform, well defined lesion is seen involving the median nerve (white arrows) appears isointense to muscle on T1 (A), and
heterogeneous hyperintense with a thin, low signal intensity capsule on T2 (B) and STIRWIs (C). MRI diagnosis: Schwannoma of median
nerve at wrist (carpal tunnel syndrome).
Table 5 MRI findings measurements at the wrist.
Mean S.D Minimum Maximum
CS MN at radioulnar 19.88* 17.8 11.20 50.00
CS MN at pisiform 13.14* 7.96 11.30 16.20
CS MN at hamate 8.73 1.08 7.86 12.00
CS Carpal Canal at pisiform 198.95# 47.52 189.00 220.00
CS Carpal Canal at hamate 180.87 38.19 165.00 199.00
Flattening ratio at radioulnar 1.66 0.63 1.40 2.1
Flattening ratio at pisiform 2.17 0.79 1.8 2.2
Flattening ratio at hamate 3.2 1.02 2.8 3.9
Palmer bowing at flexor retinaculum 0.2 0.034 0.15 0.25
CS: cross-sectional area in mm2. MN=median nerve.
* Significant increase in median nerve cross-sectional area at radioulnar and pisiform when compared to at hamate.
# Significant increase at pisiform when compared to at hamate.
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Kim et al. (14) the diagnostic utility of Electromyography
and MRI in idiopathic Carpal Tunnel Syndrome was com-
pared. They compared forty-six carpal tunnel syndrome clini-
cally positive wrists, using the receiver operating characteristic
(ROC) analyses of the four tests and calculating their diagnos-
tic accuracies which are found to be significant. Their studyresults were, the sensitivity for EMG was 90.9%, and 65%
for MRI.
Our study limitations are first, because we are a tertiary
referral hospital, many patients reach our center after a long
period suffering from advanced median nerve entrapment,
constituting a subgroup of patients with severe symptoms. Sec-
ond, the field strength was only 1.5 T. used higher field
Fig. 5 EPS findings: motor conduction study of ulnar nerve showed prolonged terminal latency (4.6 ms), normal amplitude (4.7 mV)
and conduction velocity (57.6 m/s). EPS diagnosis: moderate entrapment of ulnar nerve at Guyon’s canal (E). MRI findings: unilocular
lesion (white arrow) is noted at Guyon’s canal showing low signal at axial T1 (B), and high signal at axial, sagittal T2, and coronal STIR
WIs (A, C and D). The lesion compressing ulnar nerve (black arrow). The ulnar artery appears adjacent to ulnar nerve showing signal void
at axial T1. MRI diagnosis: ulnar nerve entrapment at Guyon’s canal by ganglion cyst.
Table 6 Correlation between MRI measurements and other variables (demographic and electrophysiological studies).
Median nerve cross-sectional area Carpal canal CS Palmer bowing Flattening ratio
Radioulnar Pisiform Hamate Pisiform Hamate Radioulnar Hamate
Age 0.04 0.02 0.03 0.01 0.06 0.31 0.02 0.25*
Weight 0.14 0.20 0.25 0.012 0.35** 0.54** 0.09 0.06
BMI 0.06 0.02 0.04 0.03 0.05 0.09 0.02 0.21
DSL 0.58** 0.52** 0.69** 0.26* 0.29* 0.04 0.72** 0.53**
SAP 0.64** 0.57** 0.76** 0.31* 0.34** 0.08 0.78** 0.55**
SNCV 0.63** 0.57** 0.75** 0.31* 0.33** 0.09 0.77** 0.55**
DML 0.61** 0.56** 0.74** 0.29* 0.32* 0.04 0.76** 0.56**
CMAP 0.64** 0.57** 0.75** 0.32* 0.34** 0.08 0.79** 0.55**
MNCV 0.65** 0.57** 0.76** 0.30* 0.36** 0.05 0.79** 0.55**
SNCV: sensory nerve conductive velocity. MNCV: motor nerve conductive velocity.
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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Table 7 Comparison between MRI versus electrophysiolog-
ical studies as regards the diagnosis of nerve entrapment.





Negative 12 (30%) 7 (17.5%) 5 (12.5%) <0.001 HS
Positive 28 (70%) 27 (67.5%) 1 (2.5%)
N.B HS: high specific.







Table 9 Validity variables of MRI versus electrophysiological
study results among the studied case.
Validity variables %
Sensitivity 79.4
T +ve/T +ve + F ve
Specificity 83.3
T ve/T ve + F +ve
Positive predictive value 96.4
T +ve/T +ve + F +ve
Negative predictive value 41.6
T ve/T ve + F ve
Overall accuracy 80
T ve + T +ve/T +ve + T ve + F +ve + F ve
Table 10 Validity variables of electrophysiological studies
versus MRI results among the studied cases.
Validity variables %
Sensitivity 96.4
T +ve/T +ve + F ve
Specificity 41.6
T ve/T ve + F +ve
Positive predictive value 79.4
T +ve/T +ve + F +ve
Negative predictive value 83.3
T ve/T ve + F ve
Overall accuracy 80
T ve + T +ve/T +ve + T ve + F +ve + F ve
958 M.M. Sayed Mostafa, Hossam Abd El Monem Ali Abd El Gawadstrength MRIs allows for an increased signal to noise ratio and
acquisition of reliable data from smaller nerves with faster
imaging times. Finally, we did not evaluate MRI findings at
different wrist position since the wrist postures influence the
size and shape of the carpal tunnel, and further studies willbe necessary to clarify whether dynamic evaluation of the wrist
modifies the correlation between MRI findings and clinical/-
electrophysiological parameters.
5. Conclusion
Nerve conduction studies of the upper extremity are still the
gold standard modality for the diagnosis of entrapment syn-
dromes in clinical practice. However, these studies are invasive,
can be uncomfortable, can be falsely negative, frequently show
low positive predictive values, and can be non-localizing in
patients with mild lesions or in cases of severe axonal injury.
Use of MRI was capable of more precisely delineating nerve
abnormality and its underlying cause.
We recommended diagnosed cases of nerve entrapment at
upper limb by clinical, physical examination and primary elec-
trophysiological studies as it has high sensitivity in diagnosis
nerve entrapment and to evaluate the severity of nerve affec-
tion, followed by MRI as high specificity in evaluation of nerve
affection and muscle denervation and to diagnose possible eti-
ology in compressive cases.
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